Objectives: This study is to review health technology assessment (HTA) development in China during the past two decades, and to facilitate further development of HTA and its integration into policy making. Methods: The study depends very much on the extensive experiences of the authors in involvement of HTA in China. In addition, literature review and Web site searching have been used to trace the process of growth of HTA in China. Results: With its rapid economic development, the Chinese health system has had many achievements in the past 30 years. However, there are some weaknesses that have developed during this period. HTA is traced back to the early 1990s in China. First, HTA knowledge transfer and establishment of HTA units were effective ways to develop HTA in China. By the end of 1990s, the policy makers of the Ministry of Health (MoH) made efforts to merge HTA with policy making to improve the quality and efficiency of health care. The main government authorities related to health technology are the State Food and Drug Administration, the Ministry of Labor and Social Security, and the MoH. Their involvements in HTA are varied. Conclusion: A technology licensure mechanism based on HTA, including technology permission for use, institution licensure, and workforce licensure, is being gradually carried out by the MoH in China. Moreover, HTA can play an important role in technology market entry, insurance benefit coverage, formulary, clinical pathway, reimbursement, and so on. There is a great opportunity for HTA to be an important part of health reform, especially to help policy makers within the health sector to make difficult decisions.
health institutions at the county, township, and village levels. Most of health facilities are nonprofit. Compared with some developed countries, China does not have a high level of health resources. It had 2.53 hospital or township hospital beds, 1.54 physicians, and 1.1 nurses per 1000 population in 2006 (4) .
China has an independent public health system, consisting mainly of two institutions: the Center for Disease Control and Prevention (CDC) and a system of health inspection and supervision (15) . The CDC has its own facilities at provincial, city, district, and county levels. The community health centers in the urban area and the township hospital in the rural area bear the responsibility to deliver public health services.
Health System Achievement and Weakness
Although China's transition from a centrally planned to a market-oriented economy created unprecedented economic growth, reforms in the health sector had both successes and failures. In the past 30 years, the health delivery system has been strengthened dramatically, both in urban and in rural areas, in both infrastructure and in capacity. However, China's healthcare system was criticized for its high costs and low macro-efficiency. Some vulnerable people cannot gain access to essential health care. As professor Hsiao pointed that, "the Chinese healthcare system has twin problems: significant waste and inefficiency as well as a serious shortage of funds (9) ."
Health Insurance System
China has no universal health insurance program. The national Urban Social Medical Insurance Scheme for Employees and Retirees (USMISER) was set up in 1998. Its financing comes from an 8 percent payroll tax, 6 percent from employers and 2 percent from employees, covering essential health care for employees and retirees, and it is operated by the bureau of labor and social security at the city level. There were 180 million insurees by the end of 2007 (6) . The New Rural Cooperative Medical Scheme (NRCMS), a governmentrun voluntary insurance program, is to insure rural residents against catastrophic health expenses and to protect them from impoverishment by illness. The central and/or local government at least subsidizes 40 Yuan (US$5.7) per peasant, with the peasant paying an additional 10 Yuan (US$1.4) in annual premiums to enroll in the NRCMS plan. By the end of 2007, the NRCMS covered 730 million rural residents (5) . To achieve the goal of Essential Health Care for All, the central government has initiated the national Urban Resident Medical Insurance Scheme (URMIS) for people without employment, including children and students in schools, and some provinces have launched pilot projects.
Provider Reimbursement and Its Practice Behavior
China's health delivery system is dominated by state-owned health facilities, that is, public hospitals. The hospital employs physicians and other health professionals. Although most of hospitals are state-owned, they receive an insufficient appropriation from the government. The hospital's revenues come mainly from user charges and insurance payments, and providers are paid mainly on a fee-for-service basis.
The government's subsidies to the public hospital are very small, amounting to 6 to 7 percent of total revenue in the general hospitals from 1998 to 2005 (8) . Such a subsidy policy followed by the macro-economic reform activates the vigor and micro-efficiency of the hospital. Whereas hospitals have become more vigorous, they focus mostly on revenue. The result is a rapid escalation of healthcare expenditures.
In the Chinese health delivery system, most of the physicians work in hospitals, and only a small proportion are private practitioners. Usually, a physician's income is composed of a salary and a bonus from the hospital. A physician's salary is financed in part by the government, but mostly by the hospital. The bonus is linked to seniority, specialty, productivity, and the amount of revenue the physician generates to the hospital. Under such a mechanism, the providers have the tendency to maximize profit: the more services, the more profits. Of course, the providers induce a demand for health care, including high-tech services and new pharmaceuticals, and sometimes these are not necessary. This cost-driving reimbursement mechanism is absolutely dangerous to the construction of the national health insurance scheme from the view of containing healthcare costs.
Recently, separate revenue and expenditure administration is being piloted in some community health centers and township hospitals. This policy tries to cut the relationship or connection of the physician's income and hospitals services or revenues, and the physician will be paid on the performance rather than the revenue. In addition, the health authority is implementing strict budget administration. It will change the provider's behavior from providing more services to focusing on performance, but the long-term impacts will need to be observed.
With the development of USMISER, the medical insurance administrative agency wants to improve the sickness fund's efficiency, and uses other reimbursement methods to pay for the hospital's bill, such as global budgets, average payments for outpatient visits or inpatient admission, but the hospitals always find countermeasures to different reimbursement strategies, such as bargaining with the insurance agencies for the budget, selecting patients, and so on.
Pharmaceuticals
Pharmaceuticals are a major profit source for healthcare providers in China. The share of pharmaceuticals in Chinese total health expenditures, 50 to 62 percent (18) , is much higher than in other countries. The percentage of pharmaceuticals in the outpatient expenses and inpatient expenses in China in 2006 were 50.5 percent and 42.7 percent, respectively, reaching the lowest points in recent 10 years (4). There are several reasons why the share of pharmaceutical expense in China tends to be higher than in other industrial countries (2) . One explanation for this is that manufacturers recognize that incentives for prescribers strongly favor imported, expensive, brand-name products. Providers are permitted to mark up the price of pharmaceuticals by 15 percent over the wholesale price. In addition to markup, hospitals can bargain with pharmaceutical companies to get a discount as they are the big purchasers. Another incentive, immoral and illegal, is the bonus-under-the-table from the pharmaceutical companies to providers. Because drug expenditures are responsible for the largest share of national health expenditures in China, it is undoubtedly clear that the issue of pharmaceutical cost containment is an especially important issue for the Chinese health sector.
Total Health Expenditure in China
China's total health expenditures reached 984 million Yuan (US$141 million) in 2006, making up 4.7 percent of GDP, but only 749 Yuan (US$107) per capita per year, with 1248 Yuan (US$178) for urban residents and 362 (US$52) for rural residents. Healthcare financing came from out of pocket, social health spending, and government spending, with respective shares of 49.3 percent, 32.6 percent, and 18.1 percent (5) . A large share of health costs is paid out of pocket. That might result in difficulties of access to health care and negative impacts on health status in the long-run.
The current Chinese government is giving greater priority to social development and building a harmonious society. In October 2007, the Chinese government announced that it will strive to build an essential healthcare system to achieve the goal of "Health for All." Such a commitment shows that health has been identified as a top social priority and that health is considered the basis for human development.
In the past 2 years, there are many discussions concerning how to re-structure a better health system. Eight academic institutions, international agencies, and a consultant company proposed nine options for health system reform to the Chinese central government, and the new health system reform proposal was released for public reviews on October 15, 2008 . This, together with growing tax revenue generated by a thriving economy, has led to the introduction of several major reform initiatives. The Chinese government has committed to increasing government funding for health care over the next several years, directed to providing universal basic health care (16) . Such a context gives great opportunities for the policy makers, providers, and academies to make use of health resources in an effective, efficient, and equitable way.
HTA DEVELOPMENT IN CHINA

Introduction of HTA to China
In the 1980s, the World Bank gave strong encouragement to the introduction of HTA to China. In its health loan project, technology assessment was part from the beginning (1). Dr. Banta was invited to conduct some training and research activities at that period. The Ministry of Health (MoH) itself made technology assessment one of the functions of the Department of Science and Education (DSE). In 1991, the MoH sent a delegation to several European countries to study HTA development overseas. In 1992, the MoH sponsored a national conference on scientific research outcome dissemination, and Dr. Jie Chen of Shanghai Medical University, a professor who learned HTA in Europe and the United States, was invited to present on medical technology assessment. The seminar was aimed primarily at staff of some provinces and the MoH itself. In the same year, another seminar on medical technology assessment was organized by the MoH in Hangzhou, and Dr. Banta and Dr. Egon Jonsson taught technology assessment. As part of the work in Hangzhou, Dr. Banta and Dr. Jonsson were invited to lecture at a workshop hosted by Prof. Chen at Shanghai Medical University. Those activities were initial efforts to disseminate health technology assessment in China, and international HTA experts acted as an "incubator" to launch its development. There were several underlying motivations for introduction of HTA to China, including studying overseas technology and experiences due to changing policy; looking for some tools to improving safety, effectiveness, and cost-effective issues in health care; and so on.
Early Development (1994-1999)
Some HTA units were set up by the DSE of MoH for facilitating HTA development in China in the mid-1990s. The In this period, some research with HTA elements was carried out in those HTA units and some universities within the disciplines of social medicine and healthcare management. From its beginning in China, HTA was considered research work, to be carried out mainly by university faculties rather than a professional work. In 1997, the first Chinese HTA report, evaluation of folic acid strategy for prevention of neural tube defects, was submitted to the DSE in the MoH by the HTA center of Shanghai Medical University. Profs Jie Chen and Jianwen Cao and their teams contributed this report.
The Medical Technology Assessment & Research Center of Fudan University carried out much educational work. It began to offer courses in HTA for undergraduate and graduate students. It organized some workshops for continuing education. In 1996, the book of Medical Technology Assessment, edited by Prof Jie Chen, was published in Shanghai. In 1997, the Center received a 5-year grant from the China Medical Board at New York, focusing on Health Technology Assessment.
Rapid Development (1999∼to present)
In 1999, the International Society of Technology Assessment in Health Care (ISTAHC) selected Shanghai as the site for its winter board meeting. The MoH took this opportunity to push HTA development. The MoH decided to organize the first National Health Technology Assessment Seminar, while it asked Shanghai Medical University to host the ISTAHC board meeting. It was an important meeting for China's HTA development. Dr. Yu Peng, Vice Minister of MoH, gave a speech at the seminar, and attended a whole-day meeting to listen to the international and domestic experts presenting their HTA work. In her speech, she said that she expected HTA theory and methodology would be applied into the policy-making process. She reviewed the issues in the development of HTA in China, including lack of policies of HTA, insufficient financial supports, lack of understanding of HTA in different groups, and gaps between research of HTA and policy making. She hoped that the MoH would push HTA development positively in a planned manner, including establishing HTA units and agencies, conducting studies in the context of health reform, facilitating HTA results transferred to policy, carrying out HTA training, and so on (11) . This speech demonstrated that senior policy makers realized HTA's value for improving quality and efficiency of health care.
Afterward, the MoH gradually made efforts to involve HTA into policy making. Meanwhile, there were more HTAs. Based on the Chinese literature database, we searched "technology assessment" and "technology evaluation" as the key words in the health, pharmaceutical, and medicine fields. We found 3,397 papers from the years 1980 to 2008. It appears that the number of papers per year is increasing. The number of papers on HTA in 2007 is approximately four times that of 1999 (Table 1) .
The Medical Technology Assessment & Research Center of Fudan University carried out both research and education. Under China Medical Board support (1997) (1998) (1999) (2000) (2001) (2002) (2003) , five workshops were accomplished with hundreds of trainees; ten cases for HTA were drafted for educational use; two books, Clinical Economics and Pharmacoeconomics, were published; sixteen students were involved in training programs for masters and PhD; and some faculty members were sent abroad for visiting scholar programs. HTA was carried out on big-ticket technology, such as technology assessment of gamma knife and magnetic resonance imaging, and some research on reproductive health, such as technology assessment on artificial insemination, in vitro fertilization, and prenatal diagnosis. Most of these studies were supported by the MoH and other public funds. In 2004, the MoH developed the Key Lab of Health Technology Assessment (KLHTA) at Fudan University, and appointed Prof Jie Chen as the director of the agency. Its mission is to conduct HTA research, education and training, collaboration and exchange, and technical services. In 2007, the WHO designated the KLHTA as a WHO Collaborating Center for Health Technology Assessment and Management, and Prof Chen acted as the director. This HTA agency is not only to facilitate HTA development in China in the context of healthcare reform, but also to participate in the global actions of HTA in the region or in the world.
Beyond the HTA units, there are some universities, medical associations, and agencies that are involved in HTA in China, but they do not always entitle their works as "HTA." So the real capacity of conducting HTA in China could be stronger than its appearance.
HEALTH TECHNOLOGY MANAGEMENT SYSTEM AND HTA'S INFLUENCES ON HEALTH POLICY
There are more than twelve ministries or administrations governing the health sector in China. The main actors related to health technology are the State Food and Drug Administration (SFDA), the Ministry of Labor and Social Security (MoLSS) and the MoH (13) . The Regulation on Pharmaceutical Registration and the Regulation on Pharmaceutical Recall were revised by the SFDA and implemented in the end of 2007. Those two regulations highlight the significance of pharmaceutical safety and re-define the definition of the new pharmaceuticals so as to give priority to innovations in the field of pharmaceuticals. The strengthening of regulations was due to weakness in stewardship of pharmaceuticals in China. The Chinese Finance magazine published a report on registration of pharmaceuticals in 2005, revealing that the State Drug Administration Authority accepted approximately 10 thousand new drug applications, and none of them was really a new molecule. All of them represented only a small change in dosage, route of administration, usage, or packaging (19) . Such a process is far from the notion of technology innovation, and it is close to useless for patients. The underlying reason is the drug company wishes to sell a "new" pharmaceutical at a higher price, and the SFDA approved such actions. The common means by which a manufacturer stops producing an old, low-priced drug is to develop, instead, a similar drug with "a little change" and apply for its approval as a new drug. The Chinese idiom called this phenomenon "the same old stuff with a new label" (2) . In addition to that, the SFDA did not guard the quality of drugs carefully, and the results were many adverse drug events.
In the Web site of SFDA, we searched the words of "technology assessment" by its own search engine. Unfortunately, not one hit was found. This demonstrates that the decision makers at the SFDA do not have a good understanding of technology assessment, and they do not use technology assessment in their routine management. Fortunately, according to the proposal of health reform issued by October 2008, health economic studies are requested gradually by SFDA when the pharmaceutical company applies for the new drug or patent drug approval.
MoH
In MoH, there are several departments related to HTA, including departments of Budget and Finance, Personnel, Policy and Regulation, Rural Health, Maternal and Child Health, and Community Health, Hospital Administration, Disease Prevention and Control, and Science and Education.
In the Web site of MoH, we also searched the words "technology assessment" by its own search engine. Fortunately, we had a lot of hits. In the MoH annual reports by the Minister, technology assessment was always mentioned, and it was regarded as a tool to provide cost-effective health care to people.
The initial facilitator of HTA at the MoH is the DSE. After the first National Health Technology Assessment Seminar in 1999, the DSE of MoH proposed to integrate HTA with technology management, and tried to establish a technology licensure mechanism for emerging technology or high-tech innovations. In September of 2002, a Division of Health Technology Administration was set up within the DSE. Its mission was to be responsible for the technology licensure system in China.
The technology assessment and management of assisted reproductive technology (ART) is a very good case to reflect the integrative mechanism of HTA and technology management in China. In 2000, the DSE contracted with Medical Technology Assessment & Research Center of Fudan University to do a HTA on ART because there were many issues regarding ART quality and ethical concerns. Dr. Jun Lv and her research team reviewed its ART development in other countries and clinical practices in China, and proposed several policies, mainly focusing on strengthening the stewardship of ART by the government, especially on the ART regulations (10) . In 2001, the Regulation on Assisted Reproductive Technology, the Regulation on Sperm Bank, and the related guidelines were issued by the MoH. It demonstrated that the policy makers had realized the importance and value of HTA and were trying to set up the mechanism of HTA for the target technology (17) .
This was the first endeavor to implement the technology licensure mechanism in China, which means the government's administrative roles on technology permission, institution licensure, and workforce licensure (12) . The technology permission means that the evaluated technology with safety and efficacy based on HTA could be used in the healthcare institution by the permission of the health authority. The institution licensure refers to a requirement that institutions should meet minimal requirements set by the government to deliver a certain technology, and those requirements include both hardware and software criteria. The workforce licensure means that the health workforce delivering services of a particular technology should meet some basic requirements, such as educational standards and practical indicators. The top leaders of MoH have effectively implemented such a mechanism into other technology management areas, and some departments within the MoH have applied such a mechanism into their routine management.
Afterward At the MoH, most clinical technology is administrated by the Department of Hospital Administration (DHA). DHA has many activities to implement a technology licensure mechanism. Such efforts were applied on technology administrative on man-made implants of hip joint, knee joint, and other joints: interventional technology for nervous system diseases, cardiovascular diseases, and others; organ transplantations; and so on.
For the future development of HTA with health policy, different departments within the MoH have different plans. A few years ago, DSE proposed a regulation on health technology licensure, but this has not yet been approved. DSE classifies health technology, not just medical technology, as having five categories, including emerging technology, approved technology with some constraints, approved technology with wide dissemination, lagging technology, and forbidden technology. It proposes to establish a national HTA committee and HTA expert's database, to assess technology by the HTA unit, and to implement the accreditation system for the HTA unit and HTA staffs. This proposal draws some experiences from European countries, Australia, and Canada. The DHA drafted a regulation on clinical application of medical technology, and released it to the public for review last year. It is still under discussion. The regulation states that clinical application of medical technology should be consistent with the principles of science, safety, effectiveness, cost-effective, and ethical acceptance. It classifies medical technology into three categories. The first category of medical technology is technology with confirmed safety and effectiveness; the second category of medical technology is technology with confirmed safety and effectiveness, but with some ethical concerns and some risks; and the third category of medical technology is technology with pending safety and effectiveness or technology with strong ethical issues and high risks. It requires that the second and third categories of technology should be evaluated by the third party before they are used in practice, especially the third-category technologies should pass the review process organized by the MoH, and the review includes evaluation of safety, effectiveness, and social impacts. The third party should be an independent institution with effective organization and administration systems, hold the top position in medical fields, and have a reputation of scientific, serious, and academic performance.
MoLSS
MoLSS is responsible for the financing and operating of US-MISER and URMIS, but it is not responsible for NRCMS, which is governed by the MoH. The MoLSS has many reimbursement policies, such as for the lists of drugs, procedures, and facilities covered by the basic health insurance and their payments. The MoLSS has three positive lists reimbursed by the USMISER, including pharmaceuticals, services of diagnosis and treatment, and facility standards for health care. It implements the designated administrative system, and those designated hospitals and pharmacies are administrated by the local labor and social security authorities.
In its Web site, we searched the words "technology assessment" by its own search engine. Unfortunately, few hits related to HTA were found. We reviewed some reports presented by the Minister and the Vice Ministers, and we found that the MoLSS is putting much effort into the expansion of health insurance schemes. At the national medical insurance conference this year, there are five main tasks for the authority: four tasks belonging to expanding health insurance coverage, and only one for improving medical insurance administration, including studying how to modify benefit packages, improve reimbursement methods, and establish quality control criteria. Similarly, in the 5-year Strategic Planning for Labor and Social Security Development (2006-10), it describes objectives of health insurance, but does not mention technology assessment.
The national formulary for basic health insurance and injury insurance was issued in 2004, and it was modified based on the 2000 version. It was composed of 823 Traditional Chinese Medicine (TCM) drugs and 1031 Western drugs in 2004. Each province can modify the national formulary according to local conditions. In addition, there are some drugs to be added or deleted every year. The vice minister of the MoLSS stated that there are four principles met in the national formulary. The first is to ensure reasonable pharmaceuticals provision for insurees and to control irrational pharmaceutical expenses. Second is to be consistent with scientific developments in clinical medicine. Third is to ensure that basic health demands are met, taking economic status into consideration. Fourth is to implement an expert reviews system and to ensure that the process is open, fair, and equitable. In the process of modifying this version of the national formulary, around 3000 professionals were involved and gave their opinions. In the approval section, 1648 experts reviewed the formulary. When we looked at the process of approval, we believed that the evaluation mechanism existed, but we could not identify whether they were based on "evidence" rather than "experience."
Beyond that, pharmacoeconomic studies or pharmaceutical outcome research studies have been increasingly conducted in China recently. Some study results have been submitted to the policy makers at the MoLSS, and that evidence has some impact on policy making.
Although the tripartite administrative system has its rationality, it also leads to many gaps that are due to contradictions and omissions among stake holders. Sometimes, technology is administrated by multiple parties by different policies; sometimes technology is out of control. Such a system is likely to produce inconsistent polices.
Regarding HTA influences on the policy maker, we witness some positive cases in which policy makers have made use of HTA and evidence-based information. The policy makers at the MoH have started to use the word of technology assessment quite often, and they have contracted with HTA units to conduct some activities. However, the formal contract system is still being developed, and the academic institutes are living more on the research grants than the contracts with the government agencies. It seems that dissemination and promotion of HTA theory and methods have not influenced some policy makers. There are still some challenges ahead.
DISCUSSION
With positive economic development, China is developing a good healthcare system that incorporates modern health technology. China has been almost entirely self-sufficient in drugs, but international pharmaceutical companies also enter the Chinese market with their innovative drugs or genetic drugs with brand names. China has been making efforts to develop the medical equipment or device industry, but most high-tech products used in hospitals is still imported. With the modernization of health technology, technology assessment has entered the vision of all stakeholders. Moreover, stakeholders are attaching importance to costs and benefits of health technology, leading to opportunities for HTA. Furthermore, China is re-structuring its health system, and mainly changing some irrational incentive mechanisms, and HTA has an important role on achieving this.
(i) HTA Has Been Adopted by the Policy Makers to Some Extent
When we review the history of HTA in China, we find that HTA has been a policy language by some policy makers. Although some policy makers do not know the term "technology assessment", they have knowledge of risks, benefits, costs, and social implications of specific health technologies. We are happy to see some policy makers integrate HTA with policy and try to embed it into the Chinese context. There is some evidence to demonstrate that the MoH has integrated HTA into policy making mechanism, and such efforts have some positive impacts.
(ii) HTA Still Needs to Be Promoted, and to Be Widely Adopted Compared with the international HTA community, HTA in China is still in the development stage. HTA is not widely applied. There is not much evidence that HTA is used extensively in health resource allocation decisions, definition of the public health package paid by government, technology entry and withdrawal, and other such technological policies. Policy makers might have some awareness of HTA, but they do not use HTA in routine decisions. In particular, it is necessary to disseminate HTA theory and methods to policy makers in the macro health sector, such as the authorities for drugs and social security.
(iii) The Health Technology Assessment Framework Needs to Be Coordinated
In China, HTA is scattered among many administrative areas. There is no national HTA commission to coordinate HTA at the different authorities, to identify the national priority of HTA, or to ensure the consistency among policies issued by different authorities. It is necessary to restructure the HTA framework and clarify the HTA role for the policy maker regarding health reform, or to establish a national HTA commission across authorities to coordinate HTA work.
In addition, the mission of different authorities should be adjusted or confirmed. SFDA is responsible for the market entry for all health technology, including pharmaceuticals, equipment and devices, and it focuses on safety and efficacy. The MoH is responsible for the supervision of health technology used in the healthcare institutions, including monitoring of health technology in the postmarket stage, implementing technology permission and licensure for institutions and professionals, and insuring safety and efficacy evaluation for medical procedures. MoLSS is responsible for the benefit package covered by the health insurance scheme, and it focuses on effectiveness and cost-effectiveness.
(iv) Health Technology Assessment Should Be Conducted for Different Kinds of Technology
In China, the government should encourage all stake holders to conduct HTA, and provide the HTA reports to the government and public. The HTA units, academics, industries, and healthcare institutions can work on this. The process of conducting HTA should follow the guidelines with enough transparency so that HTA can be monitored (7) . The government should subsidize most HTA activities with public funds so that HTA is free from conflicts of interest.
